Serological analysis has established that rotaviruses share one or more common group antigens but also have type-specific antigens that distinguish rotaviruses of different species (6, 12, 21) . However, it has been more difficult to distinguish serologically between strains of human rotaviruses because of extensive crossreactivity. Polyacrylamide gel electrophoresis has revealed a large variety of human isolates (16) , but the correlation between these "electropherotypes" and the three or more serotypes and at least three subgroups reported (4, 12, 23) has not been determined. We used hybridoma technology to produce monoclonal antibodies against three cultivable strains, and these antibodies were then characterized by their reactivity patterns in plaque neutralization (NT), enzyme-linked immunosorbent assay (ELISA), and hemagglutination inhibition (HI) tests.
Simian SAl1, Northern Ireland bovine NIC, and human Wa rotaviruses were cultured in CV-1 cells and fluorocarbon extracted and purified as previously described (17) , with 10 mM CaCl2 included throughout the purification procedure to stabilize the outer capsid layer (8) . Hybrid cell lines producing antibodies to rotavirus were obtained after fusion of P3-NS1/1-Ag4-1 or Sp2/ O-Agl4 myeloma cells with immune spleen cells (13) by a method similar to that used in influenza virus fusions (5) . Purified double-shelled preparations containing 108 to 109 virus particles per ml were used as immunogens in all except one fusion, in which SA1l virus cross-linked with dithiobis(succinimidyl)propionate (Pierce Chemical Co., Rockford, Ill.) was used in the booster inoculation. Hybrid cells were tested for rotavirus antibody production by the ELISA previously described (15) , and those producing antibody were cloned. Monoclonal antibodies, concentrated 1:10 from culture fluids, were tested for NT by the method of Matsuno et al. (14) , as adapted for use with SAl1, NIC, and Wa rotaviruses by Smith et al. (19) , and by the HI assay of Bastardo and Holmes (2).
When NIC virus was used as the immunogen in four fusion experiments, three different hybridoma cell lines were derived ( Table 1) . Two of these, 2F4 and 6H3, were completely crossreactive by ELISA, whereas the third, 8F7, showed only partial cross-reactivity, reacting against both NIC and Wa strain ELISA antigens but not against strain SAl1 antigen. None of these monoclonal antibodies showed any plaque-neutralizing activity.
When Wa virus was used as the immunogen in three fusion experiments, six separate stable clones producing antibodies of various crossreactivities resulted (Table 1) . Three, 1E8, 2H5, and 4C8, were completely cross-reactive; two, 1H2 and 3D2, were only cross-reactive between strains Wa and SAl1 antigens; and the remaining monoclone, 3B4, was more specific for the original immunogen used. As with the strain NIC monoclones, none of the strain Wa monoclones showed any plaque-neutralizing ability.
Kalica et al. (11) recently showed that the ELISA and immune adherence hemagglutination subgroup specificity of rotaviruses is conferred by the sixth RNA gene segment, which codes for polypeptide 14 in SAl1 virus (19) . Kapikian et al. (12) , using polyclonal antisera, classified certain animal strains of rotavirus, including the NCDV and UK bovine strains and SA1l, as subgroup 1 by ELISA and immune adherence hemagglutination, whereas the human Wa strain belonged to subgroup 2. Monoclones 3B4, which reacted predominantly with strain Wa, and A8/01, which was cross-reactive between strains SAl1 and NIC (Tables 1 and 3) , may be directed against the subgroup-specific determinant on 14. However, monoclones 8F7, 1H2, and 3D2 reacted with strain Wa and only b Determined by immunodiffusion using anti-mouse class-specific and subclass-specific antisera (Miles Laboratories, Inc., Elkhart, Ind.).
one of the two subgroup 1 animal strains (if we assume that strain NIC belongs to subgroup 1, as do the other bovine strains) and were thus not subgroup specific. Because the cultivable strains of rotavirus grow only to relatively low titers in cell culture and particle assembly is efficient, it is difficult to produce sufficient radiolabeled, soluble viral proteins for use in immunoprecipitation experiments to determine polypeptide specificity. However, preliminary evidence suggests that all of the strain NIC and Wa monoclones were directed against the major inner capsid component, 14 (molecular weight, 42,000 [19, 20] ). Monoclonal antibodies that are strain specific for 14 should prove to be extremely useful in the further analysis of rotavirus subgroups as defined by ELISA and immune adherence hemagglutination typing.
Since all of the above monoclones were nonneutralizing, a different immunization technique was used with the more stable SAl 1 virus to obtain monoclonal antibodies directed against the outer capsid determinants involved in neutralization. One group of mice was primed and boosted with double-shelled virus (-101o particles per ml) stabilized with 10 mM CaCl2; another group was primed with the same preparation but boosted with virus cross-linked with dithiobis(succinimidyl)propionate in an attempt to prevent rapid uncoating of the virions once inoculated. When noncross-linked virus was used for both priming and boosting, the fusion experiment resulted in 12 different hybridoma cell lines (Table 2 ). All were selected during the initial screening and subsequent cloning for their specificity against strain SA1l by ELISA and their strong reactivity in a radioimmunoassay with 125I-labeled SAl double-shelled virus heavily labeled in the major outer capsid glycoprotein (02; molecular weight, 34,000), but not in the major inner capsid component (14; molecular weight, 42,000) (indicating that the virus particles had remained largely intact during labeling). When the cross-reactive monoclone 2H5 was used in this assay, only weak binding resulted.
When cross-linked SAil virus was used for the boost, the proportion of cultures found to be antibody positive after the initial screening was enhanced from the usual 20 to over 30%. The six lines cloned produced monoclonal antibodies of various ELISA reactivity (Table 3 ). D6/Q2 and F3/G5 were specific for strain SAl1. C4/B3, F6/ H6, and N5/D11 were totally cross-reactive, and A8/O1 showed partial cross-reactivity between strains SAl and NIC, but not with strain Wa, antigens. Of the 18 strain SAl monoclones produced by both immunization procedures, 9 had NT titers of : 1,600 against strain SA11, whereas 2 (A9/V8 and All/M9) showed a low level of neutralizing ability (Tables 2 and 3 ). The remaining monoclones showed no neutralizing activity. Those monoclones that had high NT titers (6,400 to 25,600) also had relatively high HI titers (640 to 2,560). Similarly, those with moderate neutralizing ability (titers 1,600 to 3,200) usually had moderate HI titers (160 to 640). On the other hand, two nonneutralizing monoclones (A5/I1 and A8/L4) had moderate HI titers of 160 to 320, and one (A3/J7), which had a relatively low NT titer in comparison with its ELISA titer, had a high HI titer of 1,280. The enhanced ability to inhibit hemagglutionation relative to the NT titers of these three monoclones suggests that the sites involved in neutralization and hemagglutination are not identical, although they may be situated close to each other on the viral surface.
The monoclonal antibodies capable of specifically neutralizing strain SAll infectivity, inhibiting hemagglutination, or both are most probably directed against outer capsid antigens (2, 7). Kalica et al. (11) showed that neutralization specificity regularly segregated with the ninth RNA segment of strain Wa and the eighth or ninth segment of the UK bovine strain. It is certain that one of the segments in the 7, 8, 9 triplet (which have very similar electrophoretic mobilities on polyacrylamide gels and are thus difficult to separate) must code for glycoprotein 02 (molecular weight, 34,000 [19, 20] ), and the other two code for nonstructural proteins (1, 9, 19) . Preliminary evidence from immunoprecipitation experiments indicates that most of the neutralizing monoclones are specific for 02, the major component of the outer capsid, which substantiates earlier work done in this laboratory by Bastardo et al. (3) . One monoclone (E3/ B6), however, did not precipitate 02 but appeared to react with two other, as yet not clearly defined, viral proteins. Further immunoprecipitation results and competitive binding data will be reported elsewhere.
After recent reports of the adaptation of numerous human rotavirus isolates to propagation in cell culture (18, 22) , it should now be possible to produce monoclonal antibodies against a wide variety of strains. Until now, the unavailability of sufficient quantities of human virus has severely hampered the determination and characterization of serotypes and subgroups. Reference culture adapted and reassortant strains (10, 11) , serotype-and subgroup-specific monoclonal antibodies, and RNA-polyacrylamide gel electrophoresis will make it possible to determine the number of serologically distinct strains and their relative importance in human disease and to rapidly identify new isolates. Serological information of this nature will be essential for successful vaccine development in the future.
